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The B80&850 light-harvesting complex of Rhodopseudomonas capsulata was crystallized in the presence of 
detergents. The crystals were obtained by a vapour diffusion technique, using polyethylene glycol as a preci- 
pitant. Crystals grew to a size of 0.5 x 0.5 x 0.3 mm within two weeks. Two different crystal forms were 
obtained; one is supposed to be trichnic, space group PI, the other orthorhombic. space group C222,. Both 
crystal forms diffract to approximately 1 .O nm. Absorption spectra and polyacrylamide gel electrophoresis 
demonstrate that all expected components, i.e. three polypeptides of apparent M, 8000, 10000 and 14000, 
bacteriochlorophyll a and carotenoids, are present and in native conformation. 
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1. INTRODUCTION 
Crystallography of membrane proteins has been 
impossible in the past due to the inability of ob- 
taining crystals. Recently however, several reports 
of crystallizations of membrane proteins have ap- 
peared [l-5], one of which has made possible a 
crystallographic analysis of the reaction center 
complex of the purple bacterium Rhodopseudo- 
monas viridis at 0.3 nm resolution [6]. The crystal- 
lization experiment reported here was carried out 
with the B800-850 light-harvesting complex from 
the purple bacterium R. capsulata. In most purple 
bacteria two types of antenna-pigment or light- 
harvesting (LH) complexes were found, both of 
which are embedded in the chromatophore mem- 
brane [7]. The B870 complex is present in a fixed 
stoichiometric ratio, and in the neighbourhood of 
the reaction center, the other variable one (BSOO- 
850) is synthesized in variable amounts decreasing 
with increasing light intensity during growth. 
Under low irradiance most of the incident photons 
are absorbed by the pigments of the B800-850 com- 
plex. The created singlet states migrate by a 
random walk as excitons through the LH com- 
plexes to the reaction center (B800-+B850- 
B870--+P870) [8,9]. Within a short period of less 
than 0.1 ns, the energy is captured in the reaction 
center creating a charge-separated state or it is 
emitted by fluorescence emission. 
The B800-850 complex consists of three poly- 
peptides, three molecules of bacteriochlorophyll 
(BChl) a and 1-2 molecules of the carotenoid 
sphaeroidenone [lo-121. The polypeptides (Y and 
p, binding the pigments noncovalently, have Mrs 
of 7322 and 5087, respectively ([13] and M.H. 
Tadros, personal communication). The third poly- 
peptide does not bind pigments but is necessary for 
biosynthesis and stability of the complex [ 14,151. 
The amino acid sequences of the pigment-binding 
polypeptides each contain a stretch of about 20 
hydrophobic amino acids which are surmised to 
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form one transmembrane a-helix 1161. A similar 
structure has been shown for the corresponding 
polypeptides of the B800-850 complex of R. 
sphffer~~des [17] (the third, non-pigment binding 
polypeptide is missing) and was confirmed by spec- 
troscopic studies [18-211. The two B850 BChl 
molecules presumably form an exciton-coupled 
dimer giving a strong circular dichroism signal 
[21]. The BXOO-850 complex is believed to exist as 
an oligomer of its basic subunits [12,22]. The 
apparent MI was determined to be 180000 [12]. By 
spectroscopic measurements 123-251 orientations 
of the transition moments of the pigments in the 
B800-850 complex of R. sphaeroides have been 
determined. Biochemical and spectroscopic data 
have been used to propose a model of the BSOO-850 
complex [26]. While this model has to be refined 
by a high resolution structure analysis, its gross 
properties show that these membranous LH com- 
plexes have a different structure to the water solu- 
ble bacteriochlorophyll a containing complex of 
Prosthecochloris aestuarii whose structure has 
been elucidated by X-ray crystallography [27]. 
Spectroscopic evidences 1201 indicate that the 
BSOO-850 complex may have some features in com- 
mon with the LH complex isolated from pea 
chloroplasts [28]. This complex can be crystallized 
in two dimensions [29-311 and has been analysed 
recently by electron microscopic image analysis 
and three-dimensional reconstruction to a resolu- 
tion of 15 A 1321. 
2. MATERIALS AND METHODS 
Lauryldimethylamine oxide (LDAO) was 
bought from Onyx Chemical Co. (NJ, USA) (Am- 
monyx LO) and contained 0.7 mM hydrogen 
peroxide as determined by the Gujakol method 
[33]. The detergent solution was therefore treated 
with manganese IV oxide prior to use [34], to 
decompose the peroxide. Crystalline LDAO was 
bought from Fluka (Neu-Ulm, FRG). Hexyldi- 
methy~amine oxide was synthesized according to 
1351. Heptantriol was bought from Oxyl GmbH 
(Bobingen, FRG). Polyethylene glycol (PEG) 4000 
‘for gas chromatography’ was bought from Merck 
(Darmstadt, FRG). Standard buffer, called ‘buf- 
fer’ in the following text, was 25 mM Tris-HCl 
(pH 8.0) at room temperature, plus 5 mM sodium 
azide. Histo plates, 72 well, sterile, were bought 
from Dynatech Laboratories (Alexandria, VA, 
USA). Control spectra of solubilized complexes 
were routinely measured with a Cary-14 spec- 
trophotometer in the IRI mode. Spectra of the 
crystals were measured with a Zeiss microscope, il- 
luminated with a Xenon lamp through a Zeiss 
PMQII monochromator. Intensity was measured 
with a GaAs photomultiplier in the spectral range 
between 410 and 910 nm. The image of the Iimiting 
aperture on the crystal had a diameter of 10 /cm. A 
reference intensity was taken closely adjacent to 
the crystal. The intensity measured through the 
crystal and the reference intensity were ratiocin- 
ated in an HP computer. Sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed according to Laemmli [36], with a 
linear 11 S-16.5% polyacrylamide gradient gel. 
The B800-850 complex was isolated according to 
[lo], using Onyx LDAO. 
Prior to CrystalIizat~on, Fluka-LDAO was 
substituted for Onyx-LDAO by binding the pro- 
tein to a DESZcellulose (Whatman) column, 
which was equilibrated with buffer plus 0.08% 
Fluka LDAO, washed with the same buffer and 
eluted with a linear sodium chloride gradient in 
buffer. The main band eluting between 140 and 
200 mM sodium chloride was collected. All 
material eluting later, was discarded. 
The protein was concentrated in an Amicon 
(Amicon GmbH, 5810 Witten, FRG) ultrafiltra- 
tion cell, equipped with an XM-100 membrane 
from the same company, up to a concentration 
where the absorbance A~,,,soo,,,,, reached 120. This 
corresponded roughly to 10 mg/ml, as determined 
by the method of Lowry et al. 1371; 6% (w/v) of 
heptanetriol and 10% (w/v) of hexyldimethyi- 
amine oxide were then added to the protein 
solution. 
Buffer solutions containing 12.5% (w/w) PEG 
4000 and 1.3 M NaCl, as well as 15% (w/w) PEG 
4000 and 1.56 M NaCl were prepared. Five ~1 of 
the latter were mixed with 5 ~1 of the protein solu- 
tion in a depression of a histo plate and at least 
100~1 of the former are given into the remaining 
depressions as a reservoir. The plate was sealed 
with parafilm and kept at 22°C in the dark by 
wrapping with aiuminium foil. 
For SDS-PAGE, crystals were washed three 
times (3000 rpm, 5 min, bench top centrifuge) with 
a buffer solution containing 20% (w/v) PEG 4000 
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and 1 M NaCl, as well as 0.08% Fluka LDAO and 
6% heptanetriol. The crystals were centrifuged 
once again, supernatant buffer was discarded and 
the SDS containing solubilizing buffer was added. 
The sample was heated to 60°C for 20 min and ap- 
plied to the gel. 
3. RESULTS 
After 1 to 2 weeks, large crystals appeared with 
diagonals about 0.5 mm in length. Two different 
habits were observed: (i) parallel epipeds, which 
sometimes grow as thin plates, see fig. 1 for an ex- 
ample; (ii) coffins. 
Absorption spectra of selected thin crystal plates 
were measured with the microspectrophotometer. 
They exhibited the characteristic bands of a native 
and solubilized complex [lo]. The spectrum shown 
in fig.2 was taken from a crystal, it contains the 
850 nm absorption peak, which is supposed to 
arise from a BChl a dimer, the monomer QY ab- 
sorption at 800 nm, the QX absorption at 590 nm 
and the carotenoids in the 450-550 nm region. 
SDS-PAGE showed the three polypeptide bands 
of apparent M, 8000, 10000 and 14000, known 
from the solubilized complex [11,12] (fig.3). 
Crystals of form (a) diffract to about 1.5 nm 
resolution, the lattice was tentatively assigned to be 
triclinic, space group Pl with unit cell dimensions 
of a = 14.0, b = 15.5, c = 10.4 nm, (Y = 97”,p = 
104”, y = 139”. Crystals of form (b) diffract to 
about 1 .O nm resolution, the lattice is orthorhom- 
bit, space group C2221 with unit cell dimensions of 
Fig. 1. Crystals of the B800-850 LHII complex, triclinic 
form. 
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Fig.2. Spectrum of a thin crystal plate of the triclinic 
type obtained with a microspectrophotometer. 
Fig.3. SDS-polyacrylamide gel of LH complex crystals. 
The crystals were washed three times before application 
to the gel. (a) Crystals of the BSOO-8>0 complex. (b) The 
isolated B800-850 LH complex. (c) The membrane of the 
mutant strain Y5 of Rhodopseudomonas capsulata from 
which the B800-850 complex was isolated. 
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Fig.4. Precession photograph of the Ok/ plane of the 
orthorhombic crystals. 
a = 15.3, b = 13.3, c = 24.7 nm. Fig.4 shows a 
precession photograph of the Ok1 plane. 
4. DISCUSSION 
All membrane protein crystals mentioned above, 
probably represent a lattice formed by mixed 
protein-detergent micelles [5,38,39]. As interac- 
tions of micellar surfaces exist in aqueous deter- 
gent solutions, they can be expected to play a role 
in crystal formation. Phase diagrams of several 
detergents above the critical micelle concentration 
exhibit temperature-dependent phase separations 
into a detergent-rich and a detergent-poor phase 
[40,41]. On approaching the phase separation line, 
the micelles aggregate to form clusters and ulti- 
mately a continuous phase of aggregated micelles 
[41]. Addition of polyethylene glycol or ammo- 
nium sulfate eventually shifts the separation line to 
room temperature. Possibly these substances effect 
micellar aggregation by the same mechanisms as 
protein aggregation. Depending on the type of 
membrane protein, two limiting forms of the 
resulting mixed protein-detergent micelle can be 
thought of: a micelle with the major part of the 
surface formed by the polar head groups of 
detergents, and one where the major part of the 
surface is formed by hydrophilic protein surfaces. 
On crystallization of the latter membrane protein, 
one would have to try to use the interaction of 
water-exposed hydrophilic protein surfaces for 
crystal formation, the detergent should play a 
subordinate role at the crystallization conditions. 
Neither should its interactions impede crvstal for- 
mation, nor should it sterically impede the forma- 
tion of a crystal lattice. The latter requirement led 
Michel to formulate his ‘small amphiphile concept’ 
]391. 
On crystallization of the former membrane pro- 
tein, one would have no other choice than to use 
conditions close to, or even within the phase 
separation region, since interactions of the protein 
hydrophilic surfaces are comparable in strength to 
the micellar interactions. These crystals would be 
influenced by the arrangement of the detergent 
around the protein and by their chemical nature, 
thus affecting the possible protein interactions. 
Crystal habits would change upon use of other 
detergent mixtures. 
With respect to the published crystals of mem- 
brane proteins, the reaction center of R. viridis 
seems to be a good representative of the second 
case, while matrix porin and 1amB protein corres- 
pond more to the first case. 
We have improved considerably the stability of 
the LH protein crystals in the process of testing 
numerous detergent mixtures. The first crystals 
frequently transformed to small droplets (phase 
separations) when the conditions were disturbed, 
e.g., on removal of the crystals from the histo 
plates. The tests with detergent mixtures, which 
will be reported elsewhere, confirmed the small 
amphiphile concept of Michel and improved 
stability. The crystals obtained now can be 
washed, stored for weeks, X-rayed for at least a 
week without indications of deterioration. We 
think that this is due to a shift away of the phase 
separation boundary from the crystallization con- 
ditions. Considering these results, the LH complex 
micelle seems to be an intermediate case between 
the two extremes, although related more to the 
reaction center of R. viridis. 
The produced crystals seem to be useful for 
spectroscopic work. Microspectrophotometry in 
polarized light is in progress. For X-ray crystal- 
lography, the internal order is still insufficient, We 
have to determine whether small contaminations 
or the organization of the complex are responsible 
for that. 
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